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DESCRIPTION 



Drive Circuit 



5 Technical Field 

The present invention relates to a drive circuit, and more particularly, to a drive 
circuit in which an electric potential corresponding to an input potential is output to an 
output node. 

10 Background Art 

Fig. 22 is a circuit diagram illustrating the structure of a conventional drive 
circuit 130. In Fig. 22, drive circuit 130 includes a differential amplifier 13 1, a P-type 
field-effect transistor (hereinafter referred to as a P-type transistor) 132 and a 
constant-current circuit 133. P-type transistor 132 is connected between a power 

15 supply potential VDD line and an output node N132. Constant current circuit 133 
allows a constant current to flow from output node N132 to a ground potential GND 
line. Differential amplifier 131 has a non-inverting input terminal receiving the 
potential VI at an input node N131, an inverting input terminal receiving the potential 
VO at output node N132, and an output terminal connected to the gate of P-type 

20 transistor 132. 

When the output potential VO is higher than the input potential VI, the output 
potential of differential amplifier 131 is increased, the electric current flowing into 
P-type transistor 132 is decreased, and the output potential VO is decreased. When 
the output potential VO is lower than the input potential VI, the output potential of 

25 differential amplifier 13 1 is reduced, the current flowing into P-type transistor 132 is 
increased, and the output potential VO is increased. Thus, VO = VI. 

Unfortunately, since conventional drive circuit 130 has a direct feedback from 
the output potential VO to differential amplifier 131, the load capacitance may vary 
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when it is large, or oscillation may occur when the input potential VI varies. 

Disclosure of the Invention 

A main object of the present invention, therefore, is to provide a drive circuit 
5 with reduced oscillation occurring. 

The drive circuit according to the present invention is a drive circuit for 
outputting a potential, corresponding to an input potential, to an output node, including: 
a first transistor connected between a first power supply potential line and an output 
node; a second transistor having a gate and a first electrode connected to the gate of the 
10 first transistor, and a second electrode connected to a first node; a third transistor 

connected in series with the second transistor between second and third power supply 
potential lines; a first differential amplifier for regulating the gate potential of the third 
transistor to match the potential at the first node with the input potential. 
Consequently, the capacitance of the first node is sufficiently small compared with the 
15 load capacitance connected to the output node, thereby minimizing oscillation occurring. 

Brief Description of the Drawings 

Fig. 1 is a circuit diagram showing the structure of a push type drive circuit 
according to a first embodiment of the present invention. 
20 Figs. 2 A to 2C are circuit diagrams illustrating the structure of a constant 

current circuit shown in Fig. 1 . 

Fig. 3 is a circuit diagram showing a modification of the first embodiment. 

Fig. 4 is a circuit diagram showing another modification of the first 
embodiment. 

25 Fig. 5 is a circuit diagram showing the structure of a push type drive circuit 

according to a second embodiment of the present invention. 

Figs. 6A to 6C are circuit diagrams illustrating the structure of a constant 
current circuit shown in Fig. 5. 
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Fig. 7 is a circuit diagram showing a modification of the second embodiment. 
Fig. 8 is a circuit diagram showing another modification of the second 
embodiment. 

Fig. 9 is a circuit diagram showing the structure of a pull type drive circuit 
according to a third embodiment of the present invention. 

Fig. 10 is a circuit diagram showing a modification of the third embodiment. 

Fig. 1 1 is a circuit diagram showing another modification of the third 
embodiment. 

Fig. 12 is a circuit diagram showing the structure of a push type drive circuit 
with offset compensation capability. 

Fig. 13 is a circuit diagram showing the structure of a push type drive circuit 
according to a fifth embodiment of the invention. 

Fig. 14 is a circuit diagram showing the structure of a push type drive circuit 
according to a sixth embodiment of the invention. 

Fig. 15 is a circuit diagram showing the structure of a push-pull type drive 
circuit according to a seventh embodiment of the invention. 

Fig. 16 is a circuit diagram showing a modification of the seventh embodiment. 

Fig. 17 is a circuit diagram showing another modification of the seventh 
embodiment. 

Fig. 18 is a circuit diagram showing yet another modification of the seventh 
embodiment. 

Fig. 19 is a circuit diagram showing the structure of a push-pull type drive 
circuit according to an eighth embodiment of the invention. 

Fig. 20 is a circuit diagram showing the structure of a push-pull type drive 
circuit according to a ninth embodiment of the invention. 

Fig. 21 is a circuit diagram showing the structure of a push-pull type drive 
circuit with offset compensation capability according to a tenth embodiment of the 
invention. 
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Fig. 22 is a circuit diagram showing the structure of a conventional drive 

circuit. 

Best Modes for Carrying Out the Invention 
5 [First Embodiment] 

Fig. 1 is a circuit diagram showing the structure of a push type drive circuit 1 
according to a first embodiment of the present invention. In Fig. 1, drive circuit 1 
includes a differential amplifier 2, a P-type transistor 8, N-type field-effect transistors 
(hereinafter referred to as N-type transistors) 9 and 10, and constant current circuits 1 1 
10 and 12. 

Differential amplifier 2 includes P-type transistors 3 and 4, N-type transistors 5 
and 6, and a constant current circuit 7. P-type transistors 3 and 4 are connected 
between a power supply potential VDD line and respective nodes N3 and N4, and have 
their gates commonly connected to node N4. P-type transistors 3 and 4 form a current 

15 mirror circuit. N-type transistors 5 and 6 are connected between respective nodes N3 
and N4, and node N5, and have their gates receiving the potential VI at input node Nl 
and the potential VM at node N9, respectively. Constant current circuit 7 is connected 
between node N5 and a ground potential GND line and allows a constant current II 
with a prescribed value to flow from node N5 to the ground potential GND line. 

20 P-type transistor 8, N-type transistor 9 and constant current circuit 1 1 are 

connected in series between the power supply potential VDD line and a ground potential 
GND line. P-type transistor 8 has its gate receiving the potential V3 at output node N3 
in differential amplifier 2. The gate of N-type transistor 9 is connected to its drain. 
N-type transistor 9 forms a diode. Constant current circuit 1 1 allows a constant- 

25 current 12 with a prescribed value to flow from node N9 to the ground potential GND 
line. The potential VM of the source of N-type transistor 9 (at node N9) is supplied to 
the gate of N-type transistor 6. N-type transistor 10 is connected between the power 
supply potential VDD line and output node N2 of drive circuit 1 and has its gate 
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receiving the potential VC at node N8 between transistors 8 and 9. Constant current 
circuit 12 is connected between output node N2 and a ground potential GND line, 
allowing a constant current 13 with a prescribed value to flow from output node N2 to 
the ground potential GND line. 
5 The operation of above drive circuit 1 will now be described. In drive circuit 

1, differential amplifier 2 operates to render the potential VM at node N9 equal to the 
potential at input node Nl . More specifically, N-type transistor 6 and P-type transistor 
4 are connected in series to each other, and P-type transistors 3 and 4 form a current 
mirror circuit, such that a current with a value corresponding to the monitor potential 

10 VM flows into P-type transistor 3. 

When the monitor potential VM is higher than the input potential VI, the 
current flowing into P-type transistor 3 becomes larger than the current flowing into 
N-type transistor 5, increasing the potential V3 at node N3. This reduces the current 
flowing into P-type transistor 8, thereby reducing the monitor potential VM. When the 

15 monitor potential VM is smaller than the input potential VI, the current flowing into 

P-type transistor 3 becomes smaller than the current flowing into the N-type transistor, 
reducing the potential V3 at node N3. This allows larger current to flow into P-type 
transistor 8, increasing the monitor potential VM. Thus, VM = VI. 

The current 12 in constant current circuit 1 1 is set to a sufficiently small value 

20 to produce a potential VC at node N8 that satisfies: VC = VM + VTN, where VTN is 

the threshold voltage of the N-type transistors. Further, the current driving capacity of 
N-type transistor 10 is sufficiently larger than that of constant current circuit 12 such 
that N-type transistor 10 operates as a source follower to produce a potential VO at 
output node N2 that satisfies: VO = VC - VTN = VM = VI. This provides an output 

25 potential VO that is equal to the input potential VI. 

Now, the relationship between N-type transistors 9, 10 and the currents 12, 13 
in constant current circuits 11,12 will be described below in more detail. When the 
current amplification coefficients of N-type transistors 9 and 10 are 09 and 3 10, 
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respectively, the relationship between N-type transistors 9, 10 and the currents 12, 13 in 
constant current circuits 11, 12 is given by the equations: 

12 = p9 (VC - VM - VTN) 2 /2 ... (1), and 

13 = plO (VC - VO - VTN) 2 /2 ... (2). 
5 Suppose that VM (= VI) = VO, the equation (1) gives the equation: 

12 = (39 (VC - VO - VTN) 2 /2 ... (3). 

Further, the equations (3) and (2) give the equation: 

12/13 = p9/p 10 ...(4). 
In short, 12, 13, P9, and P 10 are set to satisfy the equation (4) to achieve VI = VO. 
10 In the first embodiment, the capacitance in the feedback loop to differential 

amplifier 2 is the total gate capacitance of N-type transistors 6, 9 and 10, such that the 
capacitance in the feedback loop to differential amplifier 2 is significantly small 
compared with the conventional implementation where the load capacitance was directly 
connected with differential amplifier 131. Thus, oscillation is prevented from occurring 
15 in drive circuit 1. 

It should be noted that each of field-effect transistors 3 to 6 and 8 to 10 may be 
a MOS transistor or a thin film transistor (TFT). A thin film transistor may be formed 
of any semiconductor thin film, such as a polysilicon thin film, amorphous silicon thin 
film or the like, and may be formed on any insulating substrate, such as a resin substrate, 
20 glass substrate or the like. 

Figs. 2A to 2C are circuit diagrams illustrating the structure of constant current 
circuit 7 shown in Fig. 1. In Fig. 2 A, constant current circuit 7 includes a resistor 13 
and N-type transistors 14 and 15. Resistor 13 and N-type transistor 14 are connected 
in series between the power supply potential VDD line and the ground potential GND 
25 line, and N-type transistor 15 is connected between node N5 and the ground potential 

GND line. N-type transistors 14, 15 have their gates commonly connected to the drain 
of N-type transistor 14. N-type transistors 14 and 15 form a current mirror circuit. A 
constant current with a value corresponding to the resistance value of resistor 13 flows 
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into resistor 13 and N-type transistor 14. A constant current II with a value 
corresponding to the current flowing into N-type transistor 14 flows into N-type 
transistor 15. 

In Fig. 2B, constant current circuit 7 includes an N-type transistor 16. N-type 
transistor 16 is connected between node N5 and the ground potential GND line and has 
its gate receiving a constant bias potential VBN. The bias potential VBN is set to a 
prescribed level that causes N-type transistor 16 to be operated in a saturation region. 
Thus, a constant current II flows into N-type transistor 16. 

In Fig. 2C, constant current circuit 7 includes a depletion-type N-type transistor 
17. N-type transistor 17 is connected between node N5 and the ground potential GND 
line, and has a gate connected to the ground potential GND line. N-type transistor 17 
is provided to allow a constant current II to flow therethrough even when its 
gate-source voltage is at 0 Volt. Constant current circuit 1 1 may have the same 
structure as constant current circuit 7, or may be formed of a resistance element that 
allows the current 12 to flow therethrough. Similarly, constant current circuit 12 may 
have the same structure as constant current circuit 7, or may be formed of a resistance 
element that allows the current 13 to flow therethrough. 

In drive circuit 18 of Fig. 3, power supply potentials VI, V2 and V3 that are 
different from each other are supplied to the sources of P-type transistors 3, 4, the 
source of P-type transistor 8, and the drain of N-type transistor 10, respectively. 
Further, the low potential terminals of constant current circuits 7, 1 1 and 12 are 
connected to the respective power supply potentials V4, V5 and V6 that are different 
from each other. This variation also provides the same effect as drive circuit 1 of Fig. 
1. 

Drive circuit 20 of Fig. 4 has a differential amplifier 21 substituted for 
differential amplifier 2 of drive circuit 1 in Fig. 1 . Differential amplifier 2 1 has resistors 
22 and 23 substituted for P-type transistors 3 and 4, respectively, of differential amplifier 
2. Resistors 22 and 23 are connected between the power supply potential VDD line 



and nodes N3 and N4, respectively. 

The sum of the current flowing into N-type transistor 5 and the current flowing 
into N-type transistor 6 is equal to the current II flowing into constant current circuit 7. 
When the monitor potential VM is equal to the input potential VI, the current flowing 
into N-type transistor 5 is equal to the current flowing into N-type transistor 6. When 
the monitor potential VM is higher than the input potential VI, the current in N-type 
transistor 6 is increased while the current in N-type transistor 5 is decreased, such that 
the potential V3 at node N3 is increased, thereby reducing the current in P-type 
transistor 8, which in turn reduces the monitor potential VM. When the monitor 
potential VM is lower than the input potential VI, the current in N-type transistor 6 is 
decreased while the current in N-type transistor 5 is increased, such that the potential 
V3 at node N3 is reduced, thereby increasing the current in P-type transistor 8, which in 
turn increases the monitor potential VM. Consequently, the monitor potential VM is 
maintained at the same level as the input potential VI, thus achieving VO = VI. This 
variation also provides the same effect as drive circuit 1 of Fig. 1. 

[Second Embodiment] 

Fig. 5 is a circuit diagram illustrating the structure of a push-type drive circuit 
25 according to a second embodiment of the present invention. In Fig. 5, drive circuit 
25 includes a differential amplifier 26, constant current circuits 32, 33 and N-type 
transistors 34 to 36. 

Differential amplifier 26 includes a constant current circuit 27, P-type 
transistors 28, 29 and N-type transistors 30, 3 1 . Constant current circuit 27 is 
connected between the power supply potential VDD line and node N27, and allows a 
constant current II with a prescribed value to flow from the power supply potential 
VDD line to node N27. P-type transistors 28 and 29 are connected between node N27 
and respective nodes N28 and N29, and have their gates receiving the input potential VI 
and the monitor potential VM, respectively. N-type transistors 30 and 3 1 are 
connected between respective nodes N28 and N29 and respective ground potential 
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GND lines, and have their gates commonly connected to node N29. N-type transistors 
30 and 31 form a current mirror circuit. 

Constant current circuit 32 and N-type transistors 34 and 35 are connected in 
series between the power supply potential VDD line and a ground potential GND line. 
Constant current circuit 32 allows a constant current 12 with a prescribed value to flow 
from the power supply potential VDD line to node N32. N-type transistor 34 has its 
gate connected to its drain (node N32). N-type transistor 34 forms a diode. The 
potential at node N34 between N-type transistors 34 and 35 defines the monitor 
potential VM. The gate of N-type transistor 35 receives the potential V28 at output 
node N28 in differential amplifier 26. N-type transistor 36 is connected between the 
power supply potential VDD line and output node N2, and has its gate receiving the 
potential VC at node N32. Constant current circuit 33 is connected between output 
node N2 and a ground potential GND line, and allows a constant current 13 with a 
prescribed value to flow from output node N2 to the ground potential GND line. 

The operation of above drive circuit 25 will now be described. In drive circuit 
25, differential amplifier 26 operates to render the monitor potential VM equal to the 
input potential VI. More specifically, P-type transistor 29 and N-type transistor 3 1 are 
connected in series and N-type transistors 30 and 3 1 form a current mirror circuit, such 
that a current with a value corresponding to the monitor potential VM flows into N-type 
transistor 30. 

When the monitor potential VM is higher than the input potential VI, the 
current flowing into N-type transistor 30 becomes smaller than the current flowing into 
P-type transistor 29, thereby increasing the potential V28 at node N28. Thus, the 
current flowing into N-type transistor 35 is increased and the monitor potential VM is 
decreased. When the monitor potential VM is lower than the input potential VI, the 
current flowing into N-type transistor 30 becomes larger than the current flowing into 
P-type transistor 28 and the potential V28 at node N28 is reduced. Thus, the current 
flowing into MOS transistor 35 is reduced, thereby increasing the monitor potential VM. 



This results in VM = VI. 

The current 12 in constant current circuit 32 is set to a sufficiently small value 
to produce a potential VC at node N32 that satisfies: VC= VM + VTN. Also, the 
current driving capacity of N-type transistor 36 is sufficiently larger than that of constant 
current circuit 33 to cause the N-type transistor to operate as a source follower to 
produce a potential VO at output node N2 that satisfies: VO = VC - VTN = VM = VI. 
This provides an output potential VO at the same level as the input potential VI. 

In the second embodiment, the capacitance in the feedback loop to differential 
amplifier 26 is the total gate capacitance of transistors 29, 34 and 36, such that the 
capacitance in the feedback loop to differential amplifier 26 is sufficiently small 
compared with the conventional implementation where the load capacitance was directly 
connected with differential amplifier 131. Thus, oscillation is prevented from occurring 
in drive circuit 25. 

Figs. 6A to 6C are circuit diagrams illustrating the structure of constant current 
circuit 27 shown in Fig. 5. In Fig. 6 A, constant current circuit 27 includes P-type 
transistors 37, 38 and a resistor 39. P-type transistor 37 and resistor 39 are connected 
in series between the power supply potential VDD line and the ground potential GND 
line, and P-type transistor 38 is connected between the power supply potential VDD line 
and node N27. P-type transistors 37 and 38 have their gates commonly connected to 
the drain of P-type transistor 37. P-type transistors 37 and 38 form a current mirror 
circuit. A constant current with a value corresponding to the resistance value of 
resistor 39 flows into P-type transistor 37 and resistor 39. A constant current II with a 
value corresponding to the current flowing into P-type transistor 37 flows into P-type 
transistor 38. 

In Fig. 6B, constant current circuit 27 includes a P-type transistor 40. P-type 
transistor 40 is connected between the power supply potential VDD line and node N27, 
and has its gate receiving a constant bias potential VBP. The bias potential VBP is set 
to a prescribed level that causes P-type transistor 40 to be operated in a saturation 
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region. Thus, a constant value II flows into P-type transistor 40. 

In Fig. 6C, constant current circuit 27 includes a depletion-type P-type 
transistor 41. P-type transistor 41 is connected between the power supply potential 
VDD line and node N27, and has its gate connected to the power supply potential VDD 
5 line. P-type transistor 41 is provided to allow a constant current II to flow 

therethrough even when the gate-source voltage is at 0 Volt. Constant current circuit 
32 may have the same structure as constant current circuit 27, or may be formed of a 
resistance element that allows the current 12 to flow therethrough. 

Drive circuit 45 of Fig. 7 has a differential amplifier 46 substituted for 

10 differential amplifier 26 of drive circuit 25 in Fig. 5. Differential amplifier 46 has 
resistors 47 and 48 substituted for N-type transistors 30 and 3 1, respectively, of 
differential amplifier 26. Resistors 47 and 48 are connected between respective nodes, 
N28 and N29, and ground potential GND. The sum of the current flowing into P-type 
transistor 28 and the current flowing into P-type transistor 29 is equal to the current II 

15 flowing into constant current circuit 27. When the monitor potential VM is equal to 
the input potential VI, the current in P-type transistor 28 is equal to the current in 
P-type transistor 29. When the monitor potential VM is higher than the input potential 
VI, the current in P-type transistor 29 is reduced while the current in P-type transistor 
28 is increased such that the potential V28 at node N28 is increased, thereby increasing 

20 the current in N-type transistor 35, reducing the monitor potential VM. When the 
monitor potential VM is lower than the input potential VI, the current in P-type 
transistor 29 is increased while the current in P-type transistor 28 is decreased such that 
the potential V28 at node N28 is reduced, thereby reducing the current in N-type 
transistor 35, increasing the monitor potential VM. Thus, the monitor potential VM is 

25 maintained at the input potential VI, thus achieving VO = VI. This variation provides 
the same effect as drive circuit 1 of Fig. 1. 

Drive circuit 50 in Fig. 8 has differential amplifier 2 of Fig. 1 substituted for 
differential amplifier 26 of drive circuit 25 of Fig. 5. N-type transistor 35 has its gate 
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receiving the potential V3 at node N3, while N-type transistor 6 has its gate receiving 
the monitor potential VM. When the monitor potential VM is higher than the input 
potential VI, the current flowing into P-type transistor 3 becomes larger than the current 
flowing into P-type transistor 5, which increases the potential V3 at node N3, such that 
the current in N-type transistor 35 is increased, thereby reducing the monitor potential 
VM. When the monitor potential VM is lower than the input potential VI, the current 
flowing into P-type transistor 3 becomes smaller than the current flowing into N-type 
transistor 5, which reduces the potential V3 at node N3, such that the current in N-type 
transistor 35 is decreased, thereby increasing the monitor potential VM. Thus, VM = 
VI and therefore VO = VT. This variation also provides the same effect as drive circuit 
25 in Fig. 5. 

[Third Embodiment] 

Fig. 9 is a circuit diagram showing the structure of a pull type drive circuit 55 
according to a third embodiment of the present invention. In Fig. 9, drive circuit 55 
includes a differential amplifier 2, P-type transistors 56 to 58 and constant current 
circuits 59, 60. Differential amplifier 2 is the same as in Fig. 1. P-type transistors 56, 
57 and constant current circuit 59 are connected in series between the power supply 
potential VDD line and a ground potential GND line. P-type transistor 56 has its gate 
receiving the potential V3 at node N3 . N-type transistor 6 has its gate receiving the 
potential VM at node N56 between P-type transistors 56 and 57. P-type transistor 57 
has its gate connected to its drain (node N57). P-type transistor 57 forms a diode. 
Constant current circuit 59 allows a constant current 12 with a prescribed value to flow 
from node N57 to the ground potential GND line. Constant current circuit 60 allows a 
constant current 13 with a prescribed value from the power supply potential VDD line to 
output node N2. P-type transistor 58 is connected between output node N2 and a 
ground potential GND line and has its gate receiving the potential VC at node N57. 

The monitor potential VM is maintained at the input potential VI by means of 
the operation of differential amplifier 2. The current driving capacity of P-type 
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transistor 57 is sufficiently larger than the constant current 12 in constant current circuit 
59 to produce a potential VC at node N57 that satisfies: VC = VM - |VTP|, where VTP 
is the threshold voltage of the P-type transistors. The current driving capacity of 
P-type transistor 58 is sufficiently larger than the constant current 13 in constant current 
circuit 60 to produce an output potential VO that satisfies: VO = VC + |VTP| = VM - 
|VTM| + |VTP| = VM = VI. 

In the third embodiment, the capacitance in the feedback loop to differential 
amplifier 2 is the total gate capacitance of transistors 6, 57 and 58, such that the 
capacitance in the feedback loop to differential amplifier 2 is sufficiently small compared 
to the conventional implementation where the load capacitance was directly connected 
with differential amplifier 131. Thus, oscillation is prevented from occurring in drive 
circuit 55. 

Drive circuit 61 of Fig. 10 has differential amplifier 26 substituted for 
differential amplifier 2 of drive circuit 55 in Fig. 9. P-type transistor 56 has its gate 
receiving the potential V28 at node N28. P-type transistor 29 has its gate receiving the 
monitor potential VM. When the monitor potential VM is higher than the input 
potential VI, the current in N-type transistor 30 becomes smaller than the current in 
P-type transistor 28, which increases potential V28 at node N28, such that the current 
flowing through P-type transistor 56 is decreased, reducing the monitor potential VM. 
When the monitor potential VM is lower than the input potential VI, the current in 
N-type transistor 30 becomes larger than the current in P-type transistor 28, which 
reduces the potential V28 at node N28, such that the current flowing through P-type 
transistor 56 is increased, thereby increasing the monitor potential VM. Thus, VM = 
VI and therefore VO = VI. This variation also provides the same effect as drive circuit 
55 in Fig. 9. 

Drive circuit 65 in Fig. 1 1 has a constant current circuit 66 and an N-type 
transistor 67 substituted for P-type transistor 56 and constant current circuit 59, 
respectively, of drive circuit 61 in Fig. 10. Constant current circuit 66 allows a 
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constant current 12 with a prescribed value to flow from the power supply potential 
VDD line to node N56. N-type transistor 67 is connected between node N57 and a 
ground potential GND line and has its gate receiving the potential V28- at node N28. 
When the monitor potential VM is higher than the input potential VI, the potential V28 
5 at node N28 is increased, which increases the current flowing into N-type transistor 67, 
reducing the monitor potential VM. When the monitor potential VM is lower than the 
input potential VI, the potential V28 at node N28 is reduced, which reduces the current 
flowing into N-type transistor 67, increasing the monitor potential VM. Thus, VM = 
VI and therefore VO = VI. This variation also provides the same effect as drive circuit 
10 55 of Fig. 9. 

[Fourth Embodiment] 

Fig. 12 is a circuit diagram showing the structure of a push type drive circuit 70 
with offset compensation capability according to a fourth embodiment of the present 
invention. In Fig. 12, push type drive circuit 70 with offset compensation capability 

15 includes a drive circuit 1, a capacitor 71 and switches SI -S3. Drive circuit 1 is the 
same as in Fig. 1. Capacitor 71 and switches SI -S3 define an offset compensation 
circuit for compensating for an offset voltage VOF, i.e. the difference between the input 
potential VI and the output potential VO in Fig. 1 caused by a variation in the threshold 
voltage of the transistors in drive circuit 1 . 

20 More specifically, switch SI is connected between input node Nl and the gate 

of N-type transistor 5. Capacitor 71 and switch S2 are connected in series between the 
gate of N-type transistor 5 and output node N2, and switch S3 is connected between the 
input node Nl and a node between capacitor 71 and switch S2. Each of switches 
SI -S3 may be a P-type or N-type transistor, or may be provided by P-type and N-type 

25 transistors connected in parallel. Each of switches SI -S3 is on/off controlled by a 
control signal (not shown). 

The following description illustrates the case in which the output potential VO 
of drive circuit 1 is lower than the input potential VI by the offset voltage VOF. In 
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their initial state, all of switches SI -S3 are off, and when switches SI and S2 are turned 
on at a certain time, the output potential VO is given by: VO = VI - VOF, and capacitor 
71 is charged to the offset voltage VOF. 

Next, when switches S 1 and S2 are turned off, the offset voltage VOF is 
5 retained in capacitor 71. Subsequently, if switch S3 is on, the gate potential of N-type 
transistor 5 is given by: VI + VOF. As a result, the output potential VO of drive 
circuit 1 is given by: VO = VI + VOF - VOF = VI, which means that the offset voltage 
VOF of drive circuit 1 has been eliminated. 

In the fourth embodiment, the offset voltage VOF of drive circuit 1 can be 
10 eliminated, thereby enabling the output potential VO to be precisely matched with the 
input potential VI. 

It should be noted that the fourth embodiment illustrates the elimination of the 
offset potential VOF for drive circuit 1, although employing the same method can 
naturally eliminate the offset voltage VOF for any of drive circuits 18, 20, 25, 45, 50, 55, 
15 61, and 65. 

[Fifth Embodiment] 

In drive circuit 1 of Fig. 1, the current II 1 in constant current circuit 1 1 is set 
to a small value such that, when the input potential VI decreases, the decrease in the 
potential VC at node N8 takes time, and thus the output potential VO is decreased 
20 slowly. The fifth embodiment solves this problem. 

Fig. 13 is a circuit diagram illustrating the structure of drive circuit 75 
according to the fifth embodiment of the present invention. Referring to Fig. 13, drive 
circuit 75 is different from drive circuit 1 of Fig. 1 in that an additional N-type transistor 
76 is provided. N-type transistor 76 is connected in parallel with constant current 
25 circuit 1 1, and has its gate receiving the signal <J)PD. 

The signal <|)PD is rendered to a "high" level in a pulsing manner in response to 
a decrease in the input potential VI. Thus, N-type transistor 76 conducts in a pulsing 
manner, such that the potential VC at node N8 is decreased rapidly, which in turn 
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rapidly decreases the output potential VO. 

It should be noted that, although the fifth embodiment has the source of N-type 
transistor 76 connected to the ground potential GND line, it is not limited thereto and 
the source of N-type transistor 76 may be connected to other potential lines to decrease 
the potential at node N8 to a prescribed level. 

Further, N-type transistor 76 may be substituted with a P-type transistor. In 
this case, the signal (j)PD needs to be rendered to a "low" level in a pulsing manner in 
response to a decrease in the input potential VI. 

N-type transistor 76 may also be connected to constant current circuit 59 of 
drive circuit 55 in Fig. 9 to provide the same effect. 

[Sixth Embodiment] 

In drive circuit 25 of Fig. 5, the current 12 in constant current circuit 32 is set 
to a small value such that, when the input potential VI is increased, the increase in the 
potential VC at node N32 takes time and thus the output potential VO is increased 
slowly. The sixth embodiment attempts to solve this problem. 

Fig. 14 is a circuit diagram showing the structure of a drive circuit 80 
according to the sixth embodiment of the present invention. Referring to Fig. 14, drive 
circuit 80 is different from drive circuit 25 of Fig. 5 in that an additional P-type 
transistor 81 is provided. P-type transistor 81 is connected in parallel with constant 
current circuit 32 and has its gate receiving the signal (|>PU. The signal <|)PU is rendered 
to a "low" level in a pulsing manner in response to an increase in the input potential VI. 
Thus, P-type transistor 8 1 conducts in a pulsing manner and the potential VC at node 
N32 is increased rapidly, which in turn rapidly increases the output potential VO. 

It should be noted that, although the sixth embodiment has the source of P-type 
transistor 81 connected to the power supply potential VDD line, it is not limited thereto 
and the source of P-type transistor 81 may be connected to other potential lines to 
increase the potential at node N32 to a prescribed level. 

Further, P-type transistor 8 1 may be substituted with an N-type transistor. In 
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this case, the signal <j>PU needs to be rendered to a "high" level in a pulsing manner in 
response to a decrease in the input potential VI. 

P-type transistor 81 may also be connected to constant current circuit 66 of 
drive circuit 65 in Fig. 1 1 to provide the same effect. 
5 [Seventh Embodiment] 

Fig. 1 5 is a circuit diagram showing the structure of a push-pull type drive 
circuit 85 according to a seventh embodiment of the present invention. In Fig. 15, 
drive circuit 85 is a combination of push type drive circuit 1 of Fig. 1 and pull type drive 
circuit 65 of Fig. 11. Input node Nl of push type drive circuit 1 is connected with 
10 input node Nl of pull type drive circuit 65, while output node N2 of push type drive 
circuit 1 is connected with output node N2 of pull type drive circuit 65. 

When the output potential VO is higher than the input potential VI, the 
gate-source voltage of N-type transistor 10 in push type drive circuit 1 becomes smaller 
than the threshold voltage VTN of N-type transistor 86 and thus N-type transistor 10 
15 becomes non-conductive, while the source-gate voltage of P-type transistor 58 in pull 
type drive circuit 65 becomes larger than the absolute value of the threshold voltage 
VTP of P-type transistor 58 and thus P-type transistor 58 becomes conductive, thereby 
reducing the output potential VO. 

When the output potential VO is lower than the input potential VI, the 
20 source-gate voltage of P-type transistor 58 in push type drive circuit 1 becomes smaller 
than the absolute value of the threshold VTP of P-type transistor 58 and thus P-type 
transistor 58 becomes non-conductive, while the gate-source voltage of N-type 
transistor 10 of pull type drive circuit 65 becomes larger than the threshold VTN of 
N-type transistor 10 and thus N-type transistor 10 becomes conductive, increasing the 
25 output potential VO. Thus, VO = VI. 

The seventh embodiment provides the same effect as the first embodiment and 
provides a large current driving capacity both when output node N2 is charged and 
discharged. 



• 17 - 



Different variations of the present embodiment will now be described. 
Push-pull type drive circuit 90 of Fig. 16 is a combination of push type drive circuit 25 
of Fig. 5 and pull type drive circuit 55 of Fig. 9. Input node Nl of push type drive 
circuit 25 is connected to input node Nl of pull type drive circuit 55, while output node 
5 N2 of push type drive circuit 25 is connected to output node N2 of pull type drive 

circuit 55. This variation also provides the same effect as drive circuit 85 of Fig. 15. 

Push-pull type drive circuit 95 of Fig. 17 is a combination of push type drive 
circuit 1 of Fig. 1 and pull type drive circuit 55 of Fig. 9. Push-pull type drive circuit 
96 of Fig. 18 is a combination of push type drive circuit 25 of Fig. 5 and pull type drive 
10 circuit 65 of Fig. 1 1 . These variations, too, provide the same effect as drive circuit 85 
ofFig. 15. 

[Eighth Embodiment] 

Fig. 19 is a circuit diagram showing the structure of push-pull type drive circuit 
100 according to an eighth embodiment of the present invention. Referring to Fig. 19, 

15 drive circuit 100 has P-type transistors 101 and 102 added to drive circuit 1 of Fig. 1. 
P-type transistor 101 and constant current circuit 1 1 are connected in series between 
node 9 and a ground potential GND line, and P-type transistor 101 has its gate 
connected to its drain (node N101). P-type transistor 101 forms a diode. P-type 
transistor 102 is connected between output node N2 and a ground potential GND line, 

20 and has its gate receiving the potential VC1 at node N101 . 

The operation of differential amplifier 2 provides a potential at node N9, VM, 
that satisfies: VM = VI. Thus, the potential VC at node N8 is given by: VC = VI + 
VTN and the potential VC1 at node N101 is given by: VC1 = VI - |VTP|. When the 
output potential VO is higher than the input potential VI, N-type transistor 10 becomes 

25 non-conductive while P-type transistor 102 becomes conductive. When the output 
potential VO is lower than the input potential VI, P-type transistor 102 becomes 
non-conductive while N-type transistor 10 becomes conductive. Thus, VO = VI. 

The eighth embodiment provides the same effect as the seventh embodiment 
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and provides a reduced layout area because the differential amplifiers are combined into 
one. 

[Ninth Embodiment] 

Fig. 20 is a circuit diagram showing the structure of a push-pull type drive 
5 circuit 105 according to a ninth embodiment of the present invention. Referring to Fig. 
20, drive circuit 105 has N-type transistors 106 and 107 added to drive circuit 65 of Fig. 
1 1 . Constant current circuit 66 and N-type transistor 106 are connected in series 
between the power supply potential VDD line and node N56, and N-type transistor 106 
has its gate connected to its drain (node N66). N-type transistor 106 forms a diode. 

10 N-type transistor 107 is connected between the power supply potential VDD line and 
output node N2, and has its gate receiving the potential VC1 at node N66. The 
operation of differential amplifier 26 provides a potential at node N56, VM, that 
satisfies: VM = VI. Accordingly, the potential VC1 at node N66 is given by: VC1 = 
VI + VTN, while the potential VC at node N57 is given by: VC = VI - |VTP|. When 

15 the output potential VO is higher than the input potential VI, N-type transistor 107 

becomes non-conductive, while P-type transistor 58 becomes conductive. When the 
output potential VO is lower than the input potential VI, P-type transistor 58 becomes 
non-conductive while N-type transistor 107 becomes conductive. Thus, VO = VI. 

The ninth embodiment also provides the same effect as the eighth embodiment. 

20 [Tenth Embodiment] 

Fig. 21 is a circuit diagram showing the structure of push-pull type drive circuit 
1 10 with offset compensation capability according to a tenth embodiment of the present 
invention. In Fig. 21, drive circuit 110 includes drive circuit 1 of Fig. 1, drive circuit 
65 of Fig. 1 1, capacitors 1 1 la and 1 1 lb, switches Sla-S4a, and Slb-S4b. 

25 Switches Sla and Sib are connected between input node Nl and the gates of 

N-type transistor 5 of drive circuits 1 and 65, respectively. Capacitor 111a and switch 
S2a are connected in series between the gate of N-type transistor 5 of drive circuit 1 and 
the source of N-type transistor 10 (node N10). Capacitor 1 1 l b and switch S2b are 
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connected in series between the gate of N-type transistor 5 of drive circuit 65 and the 
source of P-type transistor 58 (node N60). Switch S3 a is connected between input 
node Nl and a node between capacitor 111a and switch S2a. Switch S3b is connected 
between input node Nl and a node between capacitor 111b and switch S2b. Switches 
5 S4a and S4b are connected between respective nodes, N10 and N60, and output node 
N2. 

The operation of drive circuit 110 will now be described. In their initial state, 
all of switches Sla-S4a and Slb-S4b are off. When switches Sla, S2a, Sib, and S2b 
are turned on at a certain time, the potentials VI 0 and V60 at nodes N10 and N60 are 

10 given by: VI 0 = VI - VOFa and V60 = VI - VOFb, respectively, and capacitors 111a, 
1 1 lb are charged to their respective offset voltages VOFa and VOFb. 

Then, when switches SI a, S2a, Sib, and S2b are turned off, the offset voltages 
VOFa, VOFb are retained in capacitors 111a and 111b, respectively. Then, when 
switches S3a, S3b are turned on, the gate voltages of N-type transistors 5 of drive 

15 circuits 1, 65 are given by: VI + VOFa and VI + VOFb, respectively. As a result, the 
output potentials V10, V60 of their respective drive circuits 1, 65 are given by: VI 0 = 
VI + VOFa - VOFa = VI and V60 = VI + VOFb - VOFb = VI, thereby eliminating the 
offset voltages VOFa, VOFb of their respective drive circuits 1, 65. Finally, switches 
S4a, S4b are turned on such that VO = VI. 

20 The tenth embodiment provides a drive circuit 110 with no offset voltage and 

of high current driving capacity during charging and discharging. 

It should be understood that the disclosed embodiments are, in all respects, by 
way of illustration and example only and are not by way of limitation. The scope of the 
present invention is set forth by the claims rather than the above description and is 

25 intended to include all the modifications within the spirit and scope equivalent to those 
of the claims. 
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